The aim of the study was to evaluate the contamination of animal muscle, liver, and milk with lead, cadmium, mercury, and arsenic. Determination of the elements was carried out using several techniques of atomic absorption spectrometry. Between 2008 and 2012, samples of muscles and liver from 1305 cattle, 2345 pigs, 758 horses (only muscles), 1721 poultry (chickens, turkeys, geese, ducks), and 736 samples of raw milk were collected. Only 48 (0.7%) samples exceeded the maximum acceptable levels of the elements, especially lead and cadmium. In the case of lead, the highest number of samples exceeding the legal limits was found in muscles of pigs (6), where the maximum value reached 0.376 mg/kg. For cadmium, the highest number of samples (22) with values exceeding legal limits was found in muscles of horses. The cadmium content in muscles of horses, at both the mean (0.052 mg/kg) and median (0.023 mg/kg), was in order of magnitude higher than that observed in cattle and pigs. Small percentage of samples with values exceeding the maximum levels of toxic elements in food of animal origin indicates a low risk for the consumers' health.
Introduction
Evaluation of toxic elements in food of animal origin is very important in terms of food safety and protection of human health. The source of many elements in food and feed may be natural, i.e. geological processes that cause the release of metals deposited in different geological structures, water, soil, and air. Materials and resources containing toxic elements or their compounds especially lead, cadmium, mercury, and arsenic are also used in industry, which is associated with their emission and accumulation in the environment (1, 14, 18, 20) . These metals are the reason for poisoning usually in a chronic form and it is difficult to recognise them because they are exposed to a low dose. Toxicity of lead, cadmium, mercury, and arsenic, and their ability to bioaccumulate in trophic chain are the reason for the continuous interest in these elements (1, 16, (21) (22) (23) (25) (26) (27) . programme for control of chemical and biological residues also covers toxic elements in muscles and liver of all food producing animals, as well as in milk, eggs, and honey in Poland. Each year the scope of these programmes is adjusted to the current consumer food safety standards and the requirements of international organisations and importers of Polish food (28) . The aim of the study was to evaluate the contamination of tissues of food producing animals and cow's milk with lead, cadmium, mercury, and arsenic, and to estimate the risks to consumers' health.
Material and Methods
According to the annual sampling plans of the National Residue Control Plan between 2008 and 2012, samples of muscles and liver from 1305 cattle, 2345 pigs, 758 horses (only muscles), 1721 poultry (chickens, turkeys, geese, ducks), and 736 samples of raw cow milk were collected by the Veterinary Inspection in accordance with the applicable instruction of the Chief Veterinary Officer (17) . This study was conducted in the Department of Pharmacology and Toxicology, National Veterinary Research Institute in Pulawy, and Regional Laboratories of the Veterinary Inspection in Bialystok, Poznan, Gdansk, Katowice, Warsaw, and Wroclaw.
The toxic elements were determined using several techniques of atomic absorption spectrometry. Determination of lead and cadmium was performed by atomic absorption spectroscopy with graphite furnace atomisation after dry digestion in an electric furnace at 450°C. Arsenic was determined by atomic absorption spectrometry using hydride generation techniques after digestion with magnesium nitrate in an electric furnace at 550°C. Mercury analysis was performed by atomic absorption spectrometry mercury analyser AMA 254. Procedures of determination of these elements in biological materials were previously described in details (23) .
Statistical calculations were performed using Statistica 10 PL (StatSoft, Poland).
Special quality assurance programme constituted an important part of the study. The Department of Pharmacology and Toxicology is the National Reference Laboratory (19) and regularly participates in proficiency tests as well as in international proficiency tests (PT) organised by the European Union Reference Laboratory (EURL-CEFAO, ISS, Rome, Italy). Results of PT confirmed that the laboratory obtains reliable results (the "Z-score" between -2 and +2). The National Reference Laboratory also organises regular proficiency tests for Regional Laboratories dealing with metals analysis.
Results
The analysis of 6865 samples revealed that concentrations of toxic elements in muscles and liver of slaughtered animals and in milk were at a low level (Table 1 , Figs 1-4) .
Between 2008 and 2012, the average lead content in animal muscles remained at a low level of hundredth part of a mg/kg (Table 1) , and only a small proportion of samples (0.15%) had exceeded maximum acceptable levels of this element. The highest number of samples exceeding the maximum acceptable levels of lead, for example, 0.10 mg/kg (2) was found in the muscles of pigs, where the maximum value reached 0.376 mg/kg.
Lead distribution content in animal muscles demonstrates that the lowest concentration of Pb was found in 2012 ( Fig. 1 ). In the liver average lead concentration was higher than this found in muscle (Table 1) , but only in single samples exceeded the maximum acceptable levels i.e. 0.50 mg/kg. The lowest concentration of lead was found in the liver collected in 2012 (Fig. 2) . Very low lead concentration was found in milk. The average content of this element was 0.002 mg/kg, and only one sample the exceeded maximum acceptable levels, i.e. 0.02 mg/kg.
The mean concentration of cadmium in muscles (except for horse meat) and milk remained close to detection limit (0.001 mg/kg). Higher values exceeding the legal limit were found only in five individual samples ( Table 1 ). The cadmium concentration in the muscles of horses, at both the mean and median, was higher than that observed in cattle and pigs (Table 1) , during all years of the study (Fig. 3) . In the liver, average cadmium concentration was much higher than that found in muscles ( Table 1) . The average cadmium concentration in bovine liver reached the level of tenth part of mg/kg, and was two times higher than that found in the liver of pigs and poultry (Fig. 4) . Mean concentrations of mercury and arsenic in the muscles, liver, and milk were low and remained at the level of thousandth part of a mg/kg (Table 1) , often below the limit of quantification methods (Hg -0.001 mg/kg; As -0.002 mg/kg).
Discussion
Evaluation of the concentrations of lead, cadmium, and mercury in food is based on the Commission Regulation (EC) No 1881/2006 of 19 December 2006, setting maximum levels for certain contaminants in foodstuffs. Unfortunately, this regulation covers only maximum acceptable levels of lead, cadmium and mercury in selected food products (2, 3, 4) . Due to the problems with high toxicity of lead, cadmium, and mercury, as well as the lack of limits for arsenic, many countries of the European Union had to establish national action levels for these elements in different kind of foods, which are not covered by the Regulation mentioned above. In Poland, the Chief Veterinary Officer has approved the interpretation of the results of evaluations that aim to detect chemical residues concentrations in food of animal origin, which approve the action levels in the "National Residue Control Plan" (17) .
The study showed that the average lead content in the meat of slaughtered animals formed a low-level of hundredth parts of mg/kg, although the content of individual samples exceeded the limits (2, 3, 4) . Our previous research indicated that in Poland the level of lead has not changed significantly over the years (22, 23, 24) . Similar concentrations of lead in the muscles of food producing animals were found by other authors (5, 15, 21) . In the liver only a small percentage of samples (0.06%) exceeded the maximum acceptable levels of lead content (0.5 mg/kg), which indicates a positive assessment of the suitability of the tissue for human consumption.
In Table 2 In the study, milk contained the lowest level of lead. The majority of samples with values below the permissible limit (0.02 mg/kg), and below the limit of detection indicate that cow's milk as a food product does not pose a risk to consumers' health in Poland and Member States. This opinion is also confirmed by other authors (1, 18, 21) . Average concentrations of cadmium in the muscles of the animals (except horse meat), and milk are arranged at the level of low thousandth parts of mg/kg, and only single muscle samples were found to exceed the permitted limit, i.e. 0.05 mg/kg. These results are comparable to the results obtained in other EU countries (8) (9) (10) (11) .
Data from our study shows that the mean concentrations of lead and cadmium in the meat of cattle, pigs, and poultry were low. When relating this data to that recently withdrawn by the Committee FAO/WHO Expert, which shows the acceptable weekly intake (PTWI) for lead (25 µg/kg/week) and for cadmium (7 µg kg/week), it can be concluded that the adult who eats about 1.5 kg of meat weekly can provide the body tolerable percentage weekly intake. Nevertheless, the average concentration of cadmium in the muscles of cattle, pigs, and poultry arranged at the level of low thousandth parts of a mg/kg, whereas significantly higher levels of cadmium were found in the muscles of horses, which is worth noting. Three percent of samples exceeded the allowable limit for this element in the tissue, for instance 0.20 mg/kg. A similar percentage of samples exceeded the maximum limit of cadmium in the tissues of horses slaughtered in other EU countries (8) (9) (10) (11) . Among livestock, horses are the species that accumulates the highest amount of cadmium. This is primarily the result of a different metabolism of cadmium in these animals (16) . The concentration of cadmium in the muscles of horses at the level of tenth parts of a mg/kg and above constitutes an important source of this element for consumers of horse meat.
Our previous research on cadmium concentrations in animal tissues have shown that in the liver, especially in older horses (over two years of age) significant amounts of this element is accumulated, yielding values of several mg/kg (27) . Actually horse's liver and kidneys are not allowed for human consumption. Cadmium concentration in the liver of horses was not determined in this study. In the liver of cattle, pigs, and poultry, the average cadmium content was higher than that found in the muscles of the animals, but only a few samples were higher than the tolerable limit, i.e. 0.50 mg/kg (2) .
The observed concentrations of mercury and arsenic were low and did not exceed the accepted limits. These results are similar to those obtained in other countries of the European Union (8) (9) (10) (11) . Due to the high toxicity of different chemical forms of these elements, and the ability to bioaccumulate in the trophic chain, it is necessary to conduct monitoring programme of arsenic and lead contents in different parts of environment, especially in animal tissues and feeds.
In general, low levels of toxic elements (Pb, Cd, Hg, As) in food of animal origin allow to conclude that the risk of these metals for consumer's health is low. Toxic elements intake from food of animal origin (muscles and milk) obtained in this study, as well as from other studies is only a few percent of tolerable intake (6, 7, 12, 13) .
